In this new method for simultaneous separation and quantification of free and metal-chelated porphyrins in blood, the porphyrins are extracted from blood samples with a mixture of diisopropylamine:water:methanol (25:100:900, by vol) and separated by HPLC elution. The data are collected in three-dimensional form with a microcomputer. This method permits a high recovery of protoporphyrin (PP) and Zn-chelated PP as well as heme from blood. By this method, the amounts of these analytes in erythrocytes from normal or abnormal subjects can be determined more accurately than by conventional methods. We report here on the use of a mixture of diisopropylamine:water:methanol (25:100:9000, by vol; DWM) as a solvent for this purpose.
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Porphyrins
exist in human blood and tissues in both metal-free and metal-chelated forms. Separation and quantification of these porphyrins are of great biological and clinical significance because abnormal species and (or) excessive amounts of porphyrins are found in a variety of disorders, including lead poisoning and irondeficiency anemia. Both protoporphyrins (PP) and zinc protoporphyrin (ZnPP) are found in normal erythrocytes (RCs), but their amounts increase in abnormal ones. 3 Numerous methods have been reported for extracting porphyrins from RCs (1) (2) (3) (4) (5) (6) (7) (8) . One of the most general methods involves a mixture of acetic acid:ethyl acetate (1:3, by vol; AcOHJAcOEt) as the solvents; dilute HC1 (1.5 molIL) is then used to isolate the porphyrins [e.g., PP and coproporphyrin (CP)] after the extraction and to remove the heme (9 We report here on the use of a mixture of diisopropylamine:water:methanol (25:100:9000, by vol; DWM) as a solvent for this purpose.
In this solvent, hemoglobin (Hb) dissociates to heme and globin, and the globin and other proteins are precipitated out, whereas PP and M-PP (heme and ZnPP) remain completely
soluble. An aliquot of the extract can be injected directly for HPLC and analyzed by using DWM as an eluting solvent.
Materials and Methods Standards
Protoporphyrin dimethyl ester (PPME) was prepared from hemin (19) . ZnPPME was prepared from PPME as follows: Zinc acetate (10 mg) in dimethylformamide (10 mL) was added to a solution of PPME (0.1 g) in dichloromethane (100 mL), and the porphyrin-containing precipitates were collected. The purity of these porphyrins was confirmed by thin-layer chromatography (Wakogel B-5F; Wako Pure Chemicals, Tokyo, Japan) developed with dichloromethane (100%). Disodium PP and ZnPP were prepared by the following procedures: PPME (1 g) was dissolved in 200 mL of boiling toluene. After 30 mm, 0.135 g of NaOH (2 mol of NaOH per mole of PPME) dissolved in 10 mL of methanol was added, and the mixture was boiled for 1 h more. Precipitates of PPNa2 were collected, rinsed with toluene, and dried under reduced pressure. Similarly, ZnPPNa2 was prepared quantitatively from ZnPPME. The purity of the salts was confirmed by elemental analysis. Standard solutions of the porphyrins were prepared by dissolving PPNa2 or ZnPPNa2 in deoxygenated and distified water (10 mg in 100 mL) and then diluted 1000-fold with DWM (0.1 mL/100 mL). Hemin was dissolved (10 mg/100 mL) in a mixture of diisopropylamine: In the conventional method, we mixed 50 L of RCs with 5 mL of AcOH/AcOEt, centrifuged, and mixed the supernate with 5 mL of HC1 solution. The relative emission intensity (REI) of the separated HC1 layer was measured at 605 nm after excitation at 400 nm. The quantity of porphyrin was calculated by Piomelli's equation 
HPLC Assays
The HPLC system (Waters, Milford, MA) consisted of 
Results Standards
The (Fig. 1C) by subtracting the baseline RE! attributable to fluorescence components other than porphyrins. The baseline was estimated by use of a WSS obtained at a wavelength where the peak of porphyrin was not observed; for the PP analysis, we used the final WSS (the 50th) as the baseline. The peak for ZnPP was observed at 13.8 min (the 23rd scan) on the TCS at 588 am (Fig. 1D) . The corrected emission intensity of ZnPP was obtained from the 23rd WSS and the 27th WSS, the latter being used as the baseline (Fig. 1E) .
The TCS of absorbance at 398 am, extracted from the data of Fig. 2A, shows a peak ascribed to heme at 12 mm (Fig. 2B) . The quantity of heme can be estimated (Fig. 2C ) from the corrected absorbance obtained from the WSS at 12.6 mm (the 2 1st) and the baseline (the last WSS).
CalibrationCurves and Linearity
Each concentration of PPNa2 and ZnPPNa2 was linearly related to the corrected RE! value at 630 and 585 mu, respectively, extracted from the 3D spectra obtained by the DWMJHPLC method (Fig. 3) . As can be seen, the corrected RE! gives analytical results accurate enough to estimate the amounts of the porphyrins. for three injections was 65.7% (Fig. 4) . !n contrast, the calibration curve for the DWM/HPLC method shows a straightline between the same concentration, and the RE! signal was 20 times stronger than that by the method of Smith et al.
Concentrationsof PP, ZnPP, and Heme in RC
Because we obtained a linear calibration line for each standard porphyrin by the DWM method, as shown in Fig. 3 , we applied the method to the analyses for porphyrins in RCa. The results for the normal men's RCs by the DWM/HPLC method are summarized in Table 1 . The first tour listed were apparently healthy; the fifthman was a patient withchroniclead poisoning. n = 3 foreach determination.
The average value of PP in the four apparently healthy men we studied was 46.5 gfL; ZnPP was 139.5 gfL and heme was 9.95 g/L. For the lead-poisoning patient, the respective values were 357.9 g/L, 1845 g/L, and 
Comparisonswith Other Methods

DIscussIon
The advantages of our method over the conventional methods are as follows. First, for our method we use a basic solvent (DWM) for extraction and elution from the Heme is a product in porphyrin biosynthesis, so it is of great biological and diagnostic significance to estimate concentrations of porphyrins and heme in the same analysis.
Use of the same solvent and HPLC conditions can remove errors caused by comparison of data from different methods as is done conventionally.
Finally,
an abnormal metabolism of porphyrin in the lead-poisoning patient was investigated with the DWM method. The RCs of this patient had much more PP and ZnPP and slightly lessheme than those of the normal men. In the future, this DWM method may contribute to clinical practice by use in examination of the relation between porphyrin metabolism and disease.
